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Mr* Alan Robinson
BCH Eastern, Inc«
Cfte Plymouth Meeting
Plymouth Meeting , EA 19462

Dear Mr. Robinson,

Enclosed IB a report prepared EPA's contractor, CEM, entitled,
"Henderson Bead Injection Well Operable Unit ReccCTnendations for
Pre-Dasign Investigations** This iqtm.L is a combination of the
two reports on the saturated and saturated cones that X described
during our Hay meeting. I view this report as an extension of the
Proposed Plan and not « Significant Change related to the Proposed
Plan.

I requested OK to prepare this report as a supplement to the
RI/FS for the Injection Well Operable Unit in order to identify
additional work needed to characterize the saturated and unsaturated
zones and extent of contamination related to the injection wall
operable unit prior to final selection of ground water monitoring
and recovery wells and prior to determining whether and how to
atterpt to recover contamination from the unsaturated cone* This
work will be completed as part of Pre-Deslgn, Design, and Construction.

The report also proposes an approach to determining whether to
proceed with pilot testing for in-eitu volatilisation, and, conceptually,
whether to inclement in-situ volatilization after pilot testing. As
we've discussed, numerical criteria ere not possible to derive at this
point. Finally, preliminary costs comprising this additional work are
included.

This report should be incorporated into any proposal being
prepared by Potentially Responsible Parties in response to the
recent RD/fcA notice letters that were issued. Please feel free to
contact me to discuss any oortponents of this report that raise
questions in your mind or to discuss alternate means of conducting

Design activities.
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1.0 INTRODUCTION

2.1 MEVIOf

The U.S. fiivironwntal Protection Agency, Region III, (EPA) has requested
that Caap Dresser £ KcKee Inc. (OH) recconend investigations to suppltflent
and support tht remedial investigation/feasibility study (RI/TS) pr»p&rtd
for tht Btnderson Road Injection Nell Operable Unit by Bets, Converse,
Murdoch, Inc. (BCK). EPA requested that COM focus it* recommendations on
tht following subject*!

e rurthtr characterise tht vertical and horitontal txttnt of
contamination in tht Mturattd icnt,

o Identify tht location* and number of rtcovtzy and monitoring wlls
rtquirtd for on and offsitt ground wattr punping during
rtmtdiation«

o Purthtr characttrixt tht vtrtical and horieontal txttnt of
contamination in tht unsaturattd soot, and

o Cvaluatt tht cost-tfftctiventss of inplemtnting an in titu vicina
•xtraction prograa at tht Htndtrton Road sltt.

1.2 fOCUS AMAS AND ACTIVITIES

Xecoonendationa for additional fitld invtstigationa at tht H«nder*on Road
•itt focus on thrtt artaji;

o Tht injection ffsll,

e Iht unsaturattd cent surrounding tht Injection Mtll, and
o the acjuiftr bttwttn tht sitt and tht Upptr Wtrion Rtstrvoir.

Tht rtccooendtd invtctigationa art inttndtd to rtô ct tht data gaps that
txist afttr coeplttion of tht RI/TS, and to support a Rtcord of Decision
(AGO) on tht rtoedy at the sitt. Tht purpose of the rtcofaaended field
activities is to inprovt the understanding of tht fate and transport of

. contaminants in the unsaturattd and saturated sones. Each of tht following
investigations would contribute significantly to this understanding!
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Injection itell Investigation
o Characterize the »ourct by redrilling tht Injection Hell (IW)

and analyzing vtitt material (if encountered);
o yerform downhole logging of the Uf or alternate well installed

adjacent to the in,
o Perform damhole logging of the existing open holt Mils in

the vicinity ct the I*,
o Collect ground water sascles f roa all txitting Monitoring

vtllt for volatilt organic analy»i*i
o Xavist tha conctptual nodel of tha unsaturatad and taturatad

xona* battd on tht data colltcttd during thect additional
invtttigations;

•Ofisaturattd gcf»_ Investigation
o Sitt new monitoring wtllt for the invtstigatioti of tht

xnsaturatad zone;
o Install atv acnitoring wlls to aonitor tht unsaturattd sont

- obtain physical and chenical characttristics of tht
unsaturatad coot conditions,

- obtain cort saoplts of tht unsaturatad carbonate
strata,

• obtain and analyst air quality saaplts from discrttt
intervals within the unsaturattd sont,
screen samples of the rock core for the presence of
site-related UXs with an onsitt gas chronatrograph, and

- analyst sections of the rock core for selected organic
parameter*;

o Vacuum extraction testing;
o Field tests to evaluate the cost-effectiveness of implementing

an in situ vacuum extraction system.
Saturated Zone Investigation

o Install saturated sone monitoring wells ,
o Collect ground water samples from all monitoring wells

{previously existing and newly installed),
s Xavise the conceptual model of the unsaturated and saturated

tones to refine design of remedial action, •

flR3Q2227
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o ffitt ground vattr rtcovtry wtlis,
o Install and hydraulically test ground vattr rtcovtry Mils,

aad
o Pcrfonc a ground water trtatability study to isjprovt tht

conceptual dtsign cost tctiaatts for tht ground vtttr
trtatatnt «ytt«m.

propoctd plan ha» bttn devtloptd to Mtitfy tht objtctivts Mt
forth by USEPA. Out to tht cooplex )ydro9tolo9y and contaminant
transport associattd vith karitlc carbon* tt formations, tht propostd
invtstigations, although dttailtdf aay not bt ablt to fully xett thtst
objtctivts. Tht information obtaintd, howtvtr, vill bt tufficitnt to
further refine tht rtatdial plans to tht dtgret ntctssary for rtnedial
dtsign. Iht field activititi can bt performed in an tfficient and
timely manner/ however, dut to tht difficulty of drilling and sampling
in fractured carbonates, tht propostd investigation will bt quitt
costly.
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2.0 INJECTION WELL INVESTIGATION

2,1

It has not bean established whether or not the Injection Well is a
continuing source of contamination. Existing information indicates
that a concrete plug prevents access to the Injection Well at the
present tiae. This plug would be removed and drilling initiated to
determine whether waste is still present within the well, and the
depth to which the borehole has been sealed. If any waste is
encountered in the well, it should be sampled to identify its
constituents, and the voluee of the waste should be estimated. If a
significant amount of waste is identified in the Injection Nell, it
should be removed and transported to an appropriate treatment,
storage, and disposal (TSD) facility as soon as possible. To prevent
possible movement of the waste into fractures or into the aquifer, no
further drilling of the Injection Well would be performed if a wast*
source was encountered. If a significant amount of waste is not
found/ the borehole would be further investigated to determine the
depth of intersecting fractures. The injection Wall would also be
included in the test program to evaluate the viability of vacuuo
extraction at the site.
2.2 DEILLING Of IKS INJECTION WELL

Opening the well will require that the following procedure be
followed. Arrangements would be made to hire a professional driller
capable of using an air rotary or downhole air haaaer. The driller
will need sufficient equipment to make two runs or passes down the
Injection Well once the well cap or plug has been removed free the
well. Methods for the removal of the well cap, if no straight-
forward, would be selected by the driller. The objective of the
driller's initial pass will be to monitor for existing rasnant waste
and to clean the casing and lower borehole to a diameter eoual to the
internal diameter of the casing. If waste is encountered drilling
will stop,, and the waste will be sampled and analyzed for target
Compounds List (TO.) parameters, and the volume of the waste remaining
in the borehole will be estimated, should a significant amount of
waste not be found a second pass will be made using a variable or
expanding diaaeter bit to enlarge the open hole below the casing and
to renova any cement that has seeped into the walls of the borehole.
The second pasr need only enlarge the borehole diaaeter sufficiently
(approximately 1 to 2 inches) to gain access to the natural formation
around the borehole without excessively disturbing the existing
fractures or bedrock competency.
Should a decision be made not to open the Injection Well, an
alternative option, though less attractive, will be to install .a
boring or monitoring well within S feet of the existing Injection
Well. The method used to install this well would be the saae proposed
for the unsaturated toot monitoring wells, described in a later
section.
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2.3 DOMNBPLg LOGGING OF THE INJECTION WELL

Upon completion of the Injection Hell restoration, or the installation
of an alternate open hole will alongside the injection Well, the
geometric orientation of the existing fractures and solution cavities
shall be identified using a downhole logging method. Of the methods
that are currently available, an acoustic televiewer would provide the
seat information. However, this method requires a fluid-filled
borehole to operate properly. A downhole television camera, in
conjunction with a caliper log, it recomaended for use in the
unsaturated cone to identify the alignment of the fractures. This
information will be compared with core samples collected during the
investigation of the unsaturated sone to describe the sice and
orientation of the fractures. the downhole camera can be used both in
the unsaturated and saturated cones of the borehole. Other
geophysical methods available do not provide the necessary information
In the unsaturated sone.
Depending on the water clarity in the saturated cone, visual
identification of fracture orientations nay be impaired, requiring the
use of an acoustic televiewer to provide geometric orientations
(strike, dip, and depth) of the fractures.
Other methods including caliper acoustic velocity (sonic),
resistivity, neutron, or gaama-gainaa (density) logging could be used
to identify the location of fractures in the saturated sone. Problem*
concerning liability exist, however, with instruments that use a
radioactive source U*t. neutron or ganaa-ganBtt logging), particularly
in unstable material such as that encountered during the remedial
investigation. These potential liabilities outweigh the worth of the
data received; therefore, the use of radioactive geophysical methods
is not recommended.
2.4 DOMOLS LOGGING OF EXISTING WEL13

Downhole logging should also be performed in each of the existing open
hole monitoring wells (RE-205, HK2-195, HR3-255) to attempt to
correlate fractures in close proximity to the Injection Wall, the
correlations will provide a basis for selecting locations for the
shallow wells for the unsaturated sone investigation, and possibly the
deep wells for the saturated cone investigation. Happing the discrete
fractures between the Injection Well casing and the water table say
provide a basis for characterising the extent of remnant waste and of
passages in the unsaturated and saturated cones.
2.5 PIKER ISVESTICATICNS MAT WILL INCLUDE THE INJECTION HELL

Other investigations that will include the Injection well are »
described below. At a scheduled time, in coordination with
installation of the other on and off-site monitoring wells/ the
Injection Well or alternate well shall be sampled for ground water,
and for organic vapors present in the unsaturated fractured rock above

flR302230
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3.0 IWSMURATO ZCNE INVESTIGATION

3.1 CVERVIPf

She extent of remnant waste in the unsaturated COM and tht extent of
floating product non-aqueous phase liquid (NAPL) on tht aquifer art
unknown at this tie*. Ifce distribution of thaw wastes may bt
directly related to each other, and to tha specific fracturas that
Intarsact tha Injection Hall.
To identify the presence of remnant taste in the unsaturated sone and
characterise the affected volume, a prograa of test borings and field
screening it recommended. Selected test boring would be finished as
monitoring wells, ftie wells will be constructed to monitor the water
table for the presence of floating product, and to meet the need* of
unsaturated sone air sampling and vacuum extraction testing (if
required). Itiis study will attempt to characterize the nature and
extent of contamination in th* unsaturated cone, but accurate
quantification of the waste will not be possible because grots
assumptions flust be made concerning the porosity of the formation and
the fractions of the pore space that are filled with remnant waste,
organic vapors, and ground water.
Test boring and well locations are intended to be sited along four (4)
transectsi the strike of bedding, the strike of tha two major
fracture/joint patterns identified in the HI/ and parallel to the
hydraulic gradient of the site (see figure 1). fiiese transects have
been selected to represent the principal potential transport routes
through the fractured bedrock. The monitoring locations will be sited
upgradient and downgradient of the Injection Well, along these lines,
at distances of approximately 50 feet And 150 feet from the W. The
need for wells at the approximately 150 foot radius will be reviewed
with EPA after the first set of wells are installed.
3.2 PRILLING AND CORK SAMPLING

Ifce test borings will be advanced by the sud rotary or hollow stex
auger method in a Mlti step fashion through the unconsolidated
sediment overlying the bedrock surface. At each location, the driller
will advance a 8-3/4 inch diameter borehole down to the fractured
bedrock surface to allow the installation of a temporary 8 inch
diameter steel casing to prevent the overburden from caving in.
Split-spoon samples will fee collected at 5 foot intervals to identify
and record a description of the overburden material encountered.
Within the botton 20 feet of overburden, an undisturbed ahelby tube
cample will be) collected in accordance with AST* 01587-03 (1985) for
permeability testing.

SR302232
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The ratt of ptrcoUtion through this layer would have a direct bearing
the ratt at which the remnant waste in the unsaturated *one would
leach into the aquifer. Therefore, the undisturbed samples will
undergo laboratory tests for moisture content, dry density/ and
vertical permeability. The investigation of the Landfill Operable
Unit identified the overburden material as a clayey silt, with a
permeability ranging between 1.19 at 10 and 7.94 x 10 cm/sec. This
layer could be an effective barrier to infiltrating rainwater and the
upward diffusion of gases, increasing the tine during which the waste
will reeain in the fractures. A relatively lev permeability barrier
overlying the bedrock would improve the performance of vacuus.
extraction at the site by sealing the unsaturated bedrock sone froai
the atmosphere.
The test borings will be advanced through the carbonate rock strata
using a continuous air coring method. Air coring was used
successfully to collect bedrock samples for chemical analysis at the
Tyson Dunp site. The low air flow required to clear the cutting edge
of the coring unit will minimize volatization of the contaminants.
The air reaching the surface will be monitored for VXs using *
flame-ioniration detector (FID) instrument such as an CWU It is
likely that the presence of moisture in the air would preclude using *
etiotolonizaticn detector (FID) such as an HNU. A standard NX core
barrel will be used, providing a 2-inch core of the material
encountered. The borehole created at the outside diameter (O.D.) of
the core bit will be cased off by 3-inch O.D. drilling rods as the
core barrel advances* The core barrel can be stopped at any length up
to 20 feet, and the core brought to the surface for inspection through
the drilling rods using a wire line. For this investigation, the core
barrel will be advanced to 10-foot lengths* The core will be removed,
brought to the surface, and quickly screened for volatile organic
compounds (VDCs} using an CW. Sections that indicate the presence of
VCC* will be sampled and analyzed for specific site related
contaminants (e.g. toluene, xylenes, 1,1-dichloroethane) using an
onsite gas chromatograffc (GC). Up to three core samples froo each
boring will be sent to a local laboratory for TCL volatile organic
analysis to confirm the results of the field sampling.
3*2*1 IN KTO GAS SAMPLING

While the core is being screened and sampled, in situ gas samples will
be collected using standard gas collection eguIpnenTT Sampling tubes
will be lowered into the 10-foot section of exposed rock. The section
of open hole will be sealed from the surface using an inflatable
rubber or mechanical packer. The packer should be set just below the
drill rods to effectively seal the interior of the rods, and to reduce
the potential" for short-circuiting of the air flow along the outside
of the drill rods. Several air volumei will be evacuated from the
open hole prior to sample collection. Samples will be collected for
onsite GC analysis for select volatile organics, or collected in
vacuum cylinders and pressurised for shipment to an off site laboratory
for TCL volatile organic analysis.



sequence of activities, in which a core saaple is collected
followed by « gat saaple, will b« repeated down to the witer table.
Cheoical concentration* in the gas sancles will Increase at coring
proceeds to the water table if N&PL exists on the water surface or if
ground water is the contaminant source. Elevated concentrations of
volatile organ!cs may be encountered above this point if a source
exists in solution features, or along the connecting fractures In the
unwturated sane.
3.2.2 SHMIOK WELL INSTALLATIONS

Only after the core sasples have been collected for chemical analysis
will physical characteristics be recorded. Characteristics such as
lithology, texture, degree of weathering, site and orientation of
fractures (if possible) will be recorded, and any remaining core will
to reserved as a permanent record.
The borehole will be advanced to a point 10 to 15 feet below the
water table* A water tangle will to collected f roo the saturated
sone with a bailer, for onsite VOC analysis using a portable CC. At
this point the core barrel and rods are to to removed free the
borehole to cooplete the test boring as a aonitoring well or to seal
the borehole with grout. The decision will to based on the location
of the test boring and the results of the field screening program.
for test borings that will to finished as aonitoring wells, a Mcond
drill rig capable of air rotary or downhole air haaner will to set up
on the initial hole to reaa the 3-inch open borehole to a larger
diameter necessary for the installation of either a 4-inch open-hole,
or 4-i iJ> cased well, Ihe determining factor in selecting an
open-hole versus a cased well will to the stability of the formation.
Should the bedrock to stable enough to remain an open hole/ the 4-inch
casing shall to set 10 feet into the unsaturated competent rock and
grouted in place as the 8-inch tensorary casing is removed. If the
bedrock is not stable enough to allow an open hole aonitoring well,
then casing and screen materials will to required. Sufficient screen
will to required to sutnerge a 10 to 15 feet section into the water
table for ground water saapling purposes, and to screen a minima of
30 feet above the water surface for the purpose of vadose sone gas
sampling, and delineating the effectiveness of a vacuum extraction
system (if required). Following development of the wells, and a 2
week period to allow conditions surrounding the well to equilibrate,
the wells will to checked for floating product,
3.2.3 SHALLOW HELL OONTINGeWCIES

She total number of shallow water table wells to to installed will to
determined in part by the nature and extent of the bedrock fractures
encountered and the results of the screening program. Should VOC



contamination bt found in tht test borings installed at the 50-foot
radius, then additional borings and wells shall bt installed at in tht
ISO-foot radius. It is anticipated that between 4 and 8 shallow wells
vill bt installed in ordtr to delineate tht extent of remnant waste
and remaining JftPL near th* Znjtction Hell.
At th* conclusion of th*. field screening program, all data vill bt
ccopiled, and tht extent and natur* of waste material in tht
wsaturattd toot will be evaluated to decide whtthtr sufficient
volatilt Bate rial txists that tay bt removed by in situ vacuum
txtraction. If th* dteision is made to investigate this technology, a
series of ttsts will bt performed using tht existing and newly
installed wells to identify the extent of interconnected airflow in
the unsaturated sane and to obtain preliminary estiaates of the VX
removal rates that may bt achieved. Tht test program is described
belcv.
3,3 OH5ITE TESTING Of VACUUM BCISACTICK SYSTPI

3.3.1 CVZ3VXIX

The decision to implement pilot scale testing of a vacuum-extraction
system {VESJ at the Benderson Road Injection Hell Operable Unit
(HRlwcuj should be based on an evaluation of the extent of VDC
contamination in the unsaturated fractured bedrock, and on preliminary
testing of a VSS at the site. It is necessary to estimate the extent
of V3C contamination in the unsaturated tone to decide if there is a
potential problem at the site that nay be remediated using a VES. Ihe
onsite tests would be performed to provide a preliminary evaluation of
the VDC removal rates and treatment costs. If VES treatment appears
to be reasonably cost-effective compared to removal of VOCs by
treatment of ground water, the data would be used to a design pilot
test program to refine the projections of the time required to achieve
remedial coals, the performance of the process train, and the costs of
the remediation.
3.3.2 EVAUATZCN OT THE BOB*? OF VX QCNXMUNfcTICK

first critical consideration in deciding whether to pilot a VES is
the evaluation of whether there is a significant contamination problem
that can be remediated by vacuum extraction. This evaluation can be
made by estimating the relative quantities of VOCs in the unsaturated
tone, fractured rock, and ground water within a test plot that If
typical of the area around the Injection Well. CDN proposes that th*
test plot include the Injection Hell, the wells installed during. the
unsaturated zone investigation, and the existing wells RE-205, and
HR-2-195, which are screened across the ground water table.

concentrations of VOCs measured in the cores, gasses from tht
vadose zone, and ground water collected during installation of the
unsaturated >one monitoring wells would be used to calculate the total
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•ass of VOCt in each matrix within the test plot. Any assumption*
required to estimate the volumes of tach matrix should be consistent
with those ude in tht Rl, and with the known characteristics of the
fractured carbonate rock in that area. Ihe resulting estiaates will
be of lov accuracy, suitable only for comparing the relative
significance of the VCC loads present in each matrix.
If the estimated mass of 'vocs in the fractured bedrock and the vadose
ton* gas is too small present a significant threat to ground water
quality then treatment of the unsaturated carbonate rock will probably
not be justified. If contamination in the bedrock and toil gas
presents a significant threat, or exceeds sone other criterion set by
EFA, treat&ent of the unsaturated zone Bay be justified, and field
testing of a VES should be considered.
3.3,3 PRELIMINARY CNSHE TESTING OF VXCWJK EXTRACTION

If significant amount* of VOCs are present in the unsaturated
carbonate strata, a series of preliminary field tests would then be
performed to estimate the area of influence of each well, and the
initial VOC removal rates that aay be achieved. The data obtained
from these test* would be used to evaluate the costs of removing the
wxs from the bedrock by vacuum extraction relative to the costs of
removing the same Quantity of VOCs free the ground water. This
comparison is based on the assumption that VOCs in the unsaturated
cone woui..3 eventually migrate to the ground water. If vacuun
extraction provides contaminant removal at comparable or lower cost
than ground water treatment, further piloting of a VES may be
appropriate.
Onsits testing would be performed using a portable vacuun extraction
unit and well manifold system similar to that shown in figure 3. The
principal process units would be a water-air separator to condense the
water vapor extracted from the unsaturated zone/ a blower to maintain
a negative pressure at the extraction well heads, and a series of
vapor-phase activated carbon units to remove VOCs from the extracted
gas.
The wells within the test plot would be connected to a manifold system
originating at the VES. The manifold system would include amubars at
each well to measure air flow rates at the well head, a venturi at the
VES intake €o measure total flow rate, and valves at each well head to
isolate them from the manifold as needed. All wells at the site,
including those outside the test plot, would be fitted with manometers
to monitor the gas pressure within the well*
3.3.4 VACUUM EXTKAOTCN TESTING PROOOXRSS

During this preliminary investigation program, each well within tht
teit plot would be tested individually according to tht following
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Befort beginning each test, vadose con* gas pressures and
ground water elevations would be measured in each well to
Identify fctseline conditions
All wells except tht tttt vtll would thtn bt closed to tht
atmosphere, and tht vacuum blower started

pressure in the test veil would be adjusted to a level
that could be expected during full scale operation

o the gas pressures and ground water levels within the test
well, and all monitoring wells, would be measured at regular
tin intervals to estimate the pressure gradients and area of
influence developed around the test well.

Because the fractured carbonate rock may result in a complex local air
flow sytttffi, each well should be tested individually to identify the
extent to which they influence each other. Several rounds of tests
would be required to explore the effects that varying the extraction
pressure, or siaultaniously extracting several wells, would have on
the area influenced and on contaminant removal rates.
3.4 VKBCK EmACTICN SAMPLING AND

Throughout the duration of each test, samples of the extracted gas
would be collected at the well head of the test well and analyzed for
total VOCs, and for particular VOCs of concern. Bie gas flowrate and
teocerature would also be measured. Gas samples will be screened
onsite with a field OC to provide data to guide test perfon&ance.
Each staple will then be analyzed by laboratory OC to provide data of
acceptable quality for the cost-effectiventsi evaluation. Ihe
preliminary test program will take place over a short time fraae,
therefore analysis of the extracted gas should be performed at an
offsite laboratory to avoid the mobilisation costs associated with an
onsite laboratory. Because both chlorinated and non-chlorinated WCs
are present, analysis with both a flane-ionization detector (FID) and
electron-capture detector (BCD) would be preferred.
The data on vadose xont gas pressure, adjusted for changes in the
ground water elevation, would be used to estimate the area influenced
by each well and identify preferred flow paths between wells.
Monitoring wells outside the area of influence of a test well would be
identifiable ty the relatively large pressure gradients that could be
maintained between them and the test well.
initial removal rates of VOCs would be estimated for each well by
plotting the cunulative VCC removal during each test versus the
intervals betvetn samples, the slope of the resulting curve would
approximate the initial removal rate.
The estimates derived from the field data would then be used to devise
a reasonable hypothetical treatment scenario wherein vacuum extraction
is applied to remove a given mats of VOCs from the unsaturated bedrock
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within tht test plot. Cost estimates based on this ictnario would be
compared to the estimated cost* of removing tht same quantity of WX*
froa the ground water within tht test plot using tht ground water
treatment system proposed for tht site. Wiii it a screening step
intended to evaluate whtther use of a VES, in addition to tht proposed
ground wattr system, is clearly lees cost-effective than removing the
additional VOC contamination froa the ground water. If the additional
treatment costs are comparable, a sere detailed VES pilot test should
be considered.
In a karst environment, steady-state flows and pressures will assert
themselves shortly after the start of the test. Therefore, a period
of 4 weeks or less is projected for this test program, allowing
several rounds of testing to be performed at each well within the test
plot.
Hough estimates of the costs for this test program are presented
in Attachaent 2*
3.5 LONG-TERM PILOT STOP* OT VES

If the short-Una tests indicate that vacuum extraction appears to be
a viable option, a long-tern pilot study would then be performed. Iht
long-term pilot study should be of sufficient duration, and produce
enough relevant data, to allow accurate projections of the time
required for cleanup, the performance of the treatment system, and
costs of the treatment. Trie, study would involve treatment of the
entire test plot using the portable VES, and nay last anywhere froa 2
to 8 weeks, ttie study would focus on estiaates of the overall removal
rate for VOCs, and evaluation of effectiveness of the VES process
train.
the test program is briefly described below. A acre detailed
design of the pilot study and cost estiaates for its execution sust be
based on data froa the preliminary tests.
The initial WX removal rates estimated during the preliminary tests
are likely to be higher than the rates that could be achieved toward
the end of the treatment period. Data from tests conducted over a
longer period of tine are needed to produce a reasonable projection to
be nade of the tiaes needed to achieve various removal criteria.
3fcese projections will still be very rough estiaates, but will be sore
representative of actual operating conditions than those aade from
estimates of the initial removal rate. Test wells for this study
would be selected to achieve optimum removal of contaminants,. based on
the areas of influence, tones of contamination, and initial removal
rates estimated from the drilling and sampling programs, and data from
the short-term vacuum extraction test. Gas flow rates and W
concentrations would be monitored at the extraction well heads
throughout the test period, Unsaturated tone oas pressures and ground
water elevations would be monitored at all wells within the test plot.
Overall removal rates would be estimated from a plot of cumulative VOC
removal versus time.
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A perforaance evaluation of tht VES process train vould be needed to
fiOTcrt esti&ates of tht full-scale treatment costs. This evaluation
vould focus on tht VOC removal or loss in *ach aajor conponent of the
process train. TOC oonctntrations ŵ uld bt aonitorvd in tht procass
air anttrin? and txiting tht wattr-air separator, bloutrr and ,
activattd carbon units. VOC concentrations in the condensatt free the
separator, and in the spent activated carbon mild also be conitored.
The analytical data would be used to calculate process efficiencies/
based on VX jeass balance/ and to estimate the costs of carbon
replacement, regeneration or disposal/ and of ccndensate disposal.
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4.0 SATURATED ZONE INVESTIGATION

existing information, on the saturated com, whilt sufficient to
evaluate an onsite puap and treat alternative in tht PS, should be
supplemented before selecting well locations and estimating pumping
rates to capture contaminated ground vattr offsite for treatment. The
vtrtical and horizontal extent of site-related contamination and tht
distribution of floating product have not been sufficiently
characterized to date. The rs has been completed using a consistent
set of assusptions, but specific areas sust be characterized before
the alternatives can be finalised.
4.2 ADDITIONAL MSKITORINS LOCATIONS

Additional locations proposed for monitoring veil clusters are
presented in figure 3. Ibe following locations are proposed to
identify the nature of contamination and its vertical and area!
extent i

o to the east and west along the strike of f oration,

o at the Misting HR-5 and BR-3 clusters (prisarily for vertical
extent of contamination) , and

o between the site and the Upper We r ion Beservoir along surface
lineaments that are likely to be associated with major joints
and fractures.

In addition, * well cluster is proposed to further characterise the
water quality upgradient of the Injection Well.
Two monitoring well clusters (one east of the existing cluster HR-2
and the other between the Injection Wtll and the Rubing Mil) will be
installed along the formation strike to characterize the extent of
contamination along this axis. These locations are felt to be
important because extremely high levels of contaminants (including
floating NAPL) have been identified at the HR-2 cluster, and
literature indicates that the most permeable fractures are parallel to
the bedding plant.
Additional monitoring wells are recommended to supplement existing
wtll clusters HR-3 and HR-5. At existing veil cluster HR-3, txtreaely
high concentrations of VOCs were detected as deep as 295 feet; it is
important to determine if contaminant concentrations are increasing
with depth and to determine tht vtrtical extent of contamination.
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ft well has not bun screened across tht water tablt at this
location, era is proposed ** part of tht unsaturated coot
investigation. toe deep mil is propoied at a depth of 400 to 450
f»*t. Two additional monitoring well* art also proposed at tht
location of HR-5-192 because tht rtaedial investigation indicated that
tht relatively low Itvtls of contaminant* detected may bt dut to tht
shallow nature of this
On* upgradient clustered veil location is proposed along Church Road
to *xutor the ground water entering the site. IMs cluster should bt
located directly upgradient of the site, between the Injection Hell
and location HR-2, and the Ktssler site. This cluster should not bt
located along a major fracture that intersects tht Injection Hell.
Haste transported through a major fracture in the unsaturated sent say
have had an tfftct on water quality, a« was observed at location BR-1.
Three additional downgraditnt mil clusters are proposed along surface
lineaments that art likely to be associated with major joints and
fractures between the site and the Upper Kerion Reservoir (IKR).
Monitoring wells have not been recommended further downgradient
because water quality nay be too strongly influenced by converging
flow at tht CKR to identify tht contribution of contaminants
originating at the site. It is also felt that it would be difficult to
desî i an effective capture system past this point because of the
effects of pushing at the U6U
Ihe recommended well locations should bt monitored at distinct water
bearing zcnei at the approximate depths of 200 feet, 300 feet, and 400
feet to 450 feet below the ground surface (bgs). The remedial
investigation has established that significant contamination within
the saturated zone has reached depths approaching 300 feet bgs onsite,
and that contaminant concentrations downgradient of the Injection Hell
increase with depth. 3he XI has also identified a downward vertical
hydraulic gradient at the site, and steeply dipping fractures (45* to
05*) which provide tht impetus and pathway for tht downward migration
of contaminants. At this time, however, tht total depth of tht
contaminant plus* is unknown.
4.3 MONITORING WELL INSTMIATIQK AND SAMPLING

Monitoring wells will be drilled by the air rotary method using
procedures similar to those used in tht RI. The permeable fracturt
xonts will bt identified by tht driller as the borehole is advanced.
She returning air flow will be monitored with an OVA to identify
potential VX contamination* Konitoring wells should bt constructed
with casing and well screen to avoid possible cross-contamination.

*
At new and existing monitoring wells, in addition to tht PSWC-Test
Hell and the Kcllvain Hell, should be sampled prior to design. Field
measurements of cfl, Ih, temperature, and specific conductance should
bt madt when the veils are saopltd. A round of water levels should
also be collected prior to saspling. samples should bt analyzed for
Target Coapound List (TOO paraaeters and conventional water quality



parameters. Conventional parameters include BOO , COO, aaaonia-N,
phosphate, total suspended solids, total solids, total dissolved
solidt, oil and grease, alkalinity, and hardness. Die need for
conventional parameter analysis is discussed In a separate report on
ground water treatment pilot testing requirements. Ihe analytical
results of saqplei from the new veils will provide additional
information on the extent and distribution of the contaminant plume.
Samples from the existing veils will determine if contaainant
concentrations have substantially changed between the XI and design
phases.
4.4 SITING AM) TESTING GROUP KKTER MXOVERY HELLS

At this point the results of the additional investigations should be
reviewed to modify the conceptual model of contamination to reflect
the existing conditions. Based on this model, preliminary locations
should be selected for the effsite recovery wells. The locations
should not be finalised until a pump test has been conducted to
evaluate the hydraulic system offsite, and in the deeper monitoring
intervals,
the pump test conducted during the XI, while Halted in its area of
influence, provided a good basis for estimating the pooping rates of
onsitc recovery wells at depths up to 300 feet bgs. aecause of the
anisotropic nature of the aquifer, the hydraulic system offsite and In
the deeper monitored cones should be tested before finalising the
onsite and offsite recovery well locations. In the FS, BCX proposed
to test each recovery well before initiating a punp and treat
alternative. Ctw reconnends that a pumping well be installed at one
of the onsite recovery well locations during this additional
investigation. A pupping test should be conducted, and water levels
in the newly installed offsite, and deep onsite wells should be
monitored. Selected wells froa the XI should also be monitored, as
eqvUibrius conditions were not reached during the 24-hour test
conducted during the RI. Ifce test should be run for an extended period
of tine (72 to 144 hours), under actual operating conditions. The
test should establish equilibrium water level conditions in the
pumping well to determine if the pumping rates can be maintained, if
fractures will be devatered, and if the total area that will be
influenced ty the withdrawal of water. It may be necessary to install
additional observation wells to properly evaluate the effects of the
recovery system in the aquifer. Ihe preliminary recovery well
locations and punping rates should be reviewed and modified, If
necessaryi based on the results of this test,
Once recovery wells have been installed and hydraulieally and
chemically tested, the treatability and pilot testing, as discussed in
a separate report on ground water treatment piloting, should be
implemented. _ .

flR3022U2



5.0 INVESTIGATIVE SYNOPSIS

These investigations havt teen developed to satisfy tht following
objectives:

o Correlate bedrocJt fractures in the inaediate vicinity of the
Injtction Well to characterize the distribution and how
passages of remnant waste in both the saturated and
unsaturated sens.

o Determine the nature and extent of remnant waste in the
saturated and unsaturattd tones, along with the
characterisation of NWi on the water table surface.

o Characterise the lateral and vertical extent of ground water
contamination and determine tht vertical and lateral
grcundwater gradients. .

o Perfon preliminary tests that will help determine the
effectiveness of VES.

While these investigations will help to clarify the nature and extent
of contamination and to support design of an effective remedy for
contamination at the site, all of the objectives presented aay not be
ccapleteiy satisfied due to the conplex nature of the site.
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Detailed Outline of Progress of Events for
the Injection Well Investigation___

Prepare General Plan

Begin Well DrillingiDetect Significant Waste >ES coiieet and Analyze
Material In Well Bore ^ Waste SampleI

Drill to Original Well Depth Perform UnsaturatodZone Investigation

InW

\NO

Enlarge Boreholei
Log Injection We!l and

Existing Open Hole Wells

Correlate Fractures between
Injection Well and Existing Wetla

Collect and Analyze Ground Water
and Floating NAPL

Evaluate Data and Revise
Conceptual Model

Perform Uniaturated
Zone Investigation



Complete Installation
of Monitoring Wall

Develops Shallow Wells

Inspect Wells to Determine
Presence of Floating NAPL\
Is Floating NAPL Observed » Sample and

Anatyia NAPL
WO •\

Evaluate all Data Collected\
End Unsaturated Zone NO P°" °»*2*Ity ot Volatile
Investlf atlon and *——_ Organic Contamination
Proceed to Saturated Present In Unsaturated
Zone Investigation ^ *«"• *?« a Significant

Threat to Ground water Quality
JYES

Perform Preliminary Testing of VES

I
Evaluated VES Data with othar

Data Collaetad During th«
Unsaturarad Zona Invastfgitlon

Devise Hypothetical
VES Treatment Scenario

Compare Costs of Removal off
Volatile Organlcs with VES

Versus Ground Water Treatment
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Detailed Progress of Events forSaturateed Zone Investigati
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Detailed Progress of Events for
Saturated Zone Investigation
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TABLE 1
TOTAL ACTIVITY COST ESTIMATE SUMMARY

«nd Jtoaitoring Will Xnatallations $ 600,000

Level 1 Health and Safety Contingency for Drilling 300,000

Down hoi* Logging (at 12 locations) 7,000

On ait* Gas Chroeategraph Itntal (for 90 days) 10,000

Laboratory analytical Sarvieas 56,430

Vaeuus Extraction Tasting (Equipment only, for 1 month) 90,000

Dovnholt Gas Sampling Equipment 4,500

SUI-COKTKACTOt AID IQUIMflOT TOTAL 11,067,930

LOE for Field Activities

Saturated and thisaturatad Zoaa Investigations 3,640 suuhours

Vacuim Extraction Tasting 2,016 aanhoura

TOTAL 5,656 aanhoars

Par Pia« (S$0/day/parson)

Saturatad and Cnsaturatad Zona Invtstigations 9 27,000
300 van days * 990

Vacuum Extraction Tasting . 12,600
140 »*n day* x $90

TOTAL | 39,600
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TAIL! 2
TASK COST SUMMARY

Injection Veil Invtatiiatioa

o Drilling Coat to Xaa» Injtctlon Veil (l«ytl B) $10,500

o Dovnhola Logging Cost! (12 valla) 7,000

e 1 Hound of VOA Saaplaa at Existing Monitoring ¥alla 4,390

AKD IQOIPMCTT SUBTOTAL 121,890

O *LOE EatiMta

4 paoplt z 10hra/d«7 * & d*y§ 240 Mnheurt

TOTAL 240 Mahours

Pnnturat»d tone InvattlgatlOB

o Drilling and X&mlUtion of 8 on-aita ahtliow $236,610
Monitoring Vclla vith Coring (ItTtl I)

o laboratory Analytical Sarvieaa 10,040

o Vacuum Extraction Sjataa Ttating (w/out tOE) 102,600

o On-Sitt Caa Chromatograph Itattl 10,000

o Dovnholt Gaa SaapUog Equipvtat 4 B 500

SDBCOMTKACTOl AID IQOZFMKin WlTOTAL 1363,750

O *LOE Eatiaata

Vacuum Extraction Tattieg 2,016 Mahoura
Drilling aad tfall Initallation
40 daya x 4 paopla x lOhrt/day 1,600 manhoura
(aaauaa lavtl 1 vita 2 coring rlga) .

TOTAL _ 3,616 manhoura
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Tiblt 2
TatV Co*t Suuary

(eontiautd)

SaCurattd Zen*

o Drilling and Honitorlnj Vtll Installation $641,591
of 21 monitorial vtlls (Itvtl S)

e laboratory Analytical Strvlets

- Xcv vails (stturattd son*} 21,000
- Ztiaining VtllB on-titt .21̂ 000

SHBCO?mtACT01 COSTJ 9683,595

o *I>0£ tttlatta

* 10hr»/diy z 2 ptoplt x 60 day* 1,200 unhourt
Itvtl C with 2

Pintl Stapling - 10 hr«/d*y x 10 d*y» x 6 ptoplt 600 unhourt

TOTAL 1,800 mnhoura
*

Aguifer Kydnulie Ttitlm Tavt«tit«tion

o Injtction Vtll Initallitioo +

o Kydrolofic tnd Chtaletl Ttitinj of til Vtllt *

*TottI LOS

Injection Vtll Invtstlffttlen 240 unhoura
tfnaaturatad Zont lavtatijatloa 3,616 maahoura
Saturated Zone Investigation 1,900 Banhours
Aqulf*; Sydraulie Ttstiaf Inveatijation HA

TOtAL 5,656 manhoura

* At thia ti«, pfofftsaional dollar tqulvaltots for hourly charjts art net
available for theat activity rtcoantndatlona*

+• Theie eoata art not included due to the extreat variables Involved IB
calculation*

(FS19/48)
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TABLE *
CONTRACTOR AND EQUIPMENT COST CALCULATIONS

DRILLING COSTS

Ita» Eatisatad
< Quant Icy Ita» Baieriptioo ______ _ Pnit Coat Coat/Ita«

2 1 Kob/Da»eb US. $ 50,000

2 200 Oriai (for cutting! eotitaln-
•ant and •oveatat on-iita) $ 80/aaeh 16,000

3 2000 If Overburden Drilling I 40/ft« 80,000
o Mud lotary v/10' iatarral

apllt apooa*, 1 ahalby tub*,
iaatall 8H t«por«rj casto*

4 680 If Contlauoui NX coflnf
v/ "Wirt-lfnt" taehniqua $ SO/ft. 34,000

5 5670 If Air rotary to rtas pilot holt* * 35/ft. 198,450
from coriaf and/or advanea
boraholaa for vail ioatallatio&a
(ioeluda* grout, graval, ft
btnconita)

6 Katariala
a. 820 If o 4", Typt 304, 8.S. Seraan $ 80/ft. 65,600

b. 6658 If o 4", PVC, feh. 40 tiaar I 15/ft. 19,870

c. 29 If o Hack Staal Protactor Caiinfa 1200/aaeh 5,800

7 82 hour* Dov&tiaa for Environ.
thru Cora larral 1150/hr 12,300

8 87 hoqrs Staas Clacniog Equlpiaat $200/hr« 17,400

9 87 hours Vail ttavalopaia&t 1150/hr. 13.050

fab-Total $592,470
(approxiaataly 9600,000)

10 B a I Nultipliar

e LtTal C (oa ita*a 4,5,8 and 9) z 0.25 • 1148,117

o laval B (on ita»a 4,5,8 «ad 9} z 0.50 • '296̂ 235

Total (v/ laval B HtS) -888,705
(approxiiataly $900,000}



TABU 3 (CONTIKUID)

PKII.I.IHS ESTIMATE BACKU?

A*«iapttoaa for Cor* Prilling g»timate»;

- Overburden thickne** on-eite • 40 ft*

- lock thiekneea (Sneaturated) » 85 ft.

- Depth to water • 125* bgl

- 8 ahellov vtlli to have coring completed

- 50* screen* installed 10* into vater

- Crilling dtpth vill bt 15* belov the v«ttr tiblt - and backfilled
(room for minimal eava in)

* 1*0 hr* allowed for each enviroatantal aaaple for downti«t pitta 20X

- 3 hour* per veil for Veil Development

Ajiuieptioni for Off*aite or Saturated Zone Monitoring Wella

* 20 foot aereena inatalled at aeparate vater bearing tonea (ISO1,
250'( and 450'). Depth* provided are cooaervative estimate* that
may be ahallover

- All euttlnn to be contained from all vella*

- 3 hour* per veil for attern cleaning due to varying drill rig* and
•ethoda caed* Precaution againat croaa-contaiminating the vater
bearing unit*

- Overburden thickneaa off-ait* • 80*

* Ko coring for eff-aite or deeper veil*

- 8 deep veil* (450')
8 medium veil* (2501) o To be inatallad at 8 location*
5 ihallov veil* (ISO1)

Overburden Prilling Thiekneaat

- 8 on-aitc veil* x 40' • 320 feet i_
• 21 off-aite deeper vella x 80* - 16BO feat

- 2000 feet

Coring lecgtht

- 8 on-aite vella x 83* - 680'
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TABU 3 (CONTINUED)

Air toUry ttnith

- 8 oa~titt vtllt x 100* * 800'
- 5 off-titt thtllov well* x (150-80 » 70') • 350'
- 8 Mdiua vtllt x (250-80 • 170') - 1360'
- 8 dttp vtllt z (450-80 • 370*) « 2960'

54 701

Addition*! foottft for X.tf. 2001
5670r

Materitlti

S.S. Scrttn:
- 21 Off-titt vtllt i 20* etch * 420*
- 8 ea-tict vtllt z 50* etch - 400*

8207

Rlttr (PVC)t

- On-titt vtlltt 140f - 50* terttn • 90* •*• 2* rittr * 92* z 8 - 736*
- 5 off-titt thtllov vtllt - 140* - 20* - 120* + 2* rittr

• 122 z 5 - 610*
- 8 off-titt Bedim vtllt - 250' - 20* • 230* 42*- 232* z 8 « 1856*
- 8 off-titt dtep vtllt - 450* - 20* - 430* + 2* • 432* z 8 - 3456*

6658*

Downtime:

• 680 fttt of coring io 10* tact ions • 68 cert ctapltt
* 68 eort ttapltt eolltcttd thut 68 |tt ttapltt colltcttd. Allow a

ftetor of 1*2 hour* for tteh tMplt thut 68 x 1*2 - 81.6 • 82 hourt

Pteoo;

• Allow 3 hourt ptr vtll thut 29 vtllt x 3 « 87 hourt

Vtll PtvtlOP«tnti

* Allow 3 hourt ptr vtll thus 29 x 3 • 87 hourt

Pru«t i

- Ovtrburden 8 3/4n borin«« x 2000* /T «(3. 14) (0,1329) %
0.417 ft2 x (2000*) - 835 ft9 x 7.48 «*!/* t3 - €247 «tl

- lock boriac 6" x,547011 If /? «(3.14)(0%0625) " .
(0.0196 ftz)x(5470 ft.) • 1074 ft3 x 7.48 f«l/ftV 9034

6247 f tlloot
4 803̂  ftlloat
14281 gtlloat x 1 druB/30 |tl • 285 druu
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TAILS 3 (CONTINUED)

LABORATORY ANALYTICAL KKVICEi

Nuabtr Of
Itt» Pntt Cost gaaplaa Totals

gill Vasts - full TCL f 1,000 1 $ 1,000
Slitting Monitoring Vtlls - VOAs 220 12 2,640

Floating product - TCL orgsnics 750 1 750

tfoaaturattd goat Vtlls
Stdiatnt saeplts - TOAs (3 Mil) 220 24 5,280
Air s»plts at 101 iottrvtls - — - — •— -

on-sitt CC (costtd Mptrtttly)
Flottin^ product • (*»»u»« 4 vtlls)

TCL orjtuic* 750 4 3,000
V«t*r luplts - VOAj ea-titt W 220 S 1,760

Siturattd Zont Vtllt
Water *Mplts • full TCL 1,000 21 21,000

Final
Un«fttur«ttd vtlls * full TCL 1,000 8 8,000
txtttini veils * full TCL 1,000 12 12,000
Ioj«ctlcn w«ll - full TCL • 1,000 1 1,000

total Aa»lytietl Co»t« " ~ - - - — "

DCVWHOLE tOGCIKC

12 vtllt to b* lo|f*d
e lojtction Vftll or Kcplactatnt Veil
O 3 OB-Cltfl txlttittf Vtllt
o t propottd thallov monltorlnj vcllt

Allow 2 hours ptr vtll for logg to^ tach mil
Allov 2 hours ptr vtll for dteo&ini tht tqulpmtnt
Thus 4 hours p«r vtll x 12 location* - 48 hours
Hourly litt - HO/houc x 48 hours • $4320
Aisumt 4 stpsrtt* trips to tht sitt to eoaplttt tht dovaholt
activititi. Csch ssptrttt trip costs $500 for Mob/Dtaob.
Thus 4 trips x $500 (Kob/Btaob) • $2000

Sumrji
12 vtlls x-4 hours/vtlls t $90/hour • -94,320
4 trips to tits z $500 Kob/D«ob • 2.000

ludftt S«f«ty Factor of 10X • « 1>10
Totsl Povaholt Leiiini Cost $6,952

(spproxiaattlj $7,000)
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